I propose a model of dipole modulation in Cosmic Background Microwave Radiation (CMBR) polarization fields Q and U. It is shown that the modulation leads to correlations between l and l ′ multipoles where either l ′ = l or l ′ = l ± 1, but the contribution for the case l ′ = l cancels out after summing over m. We perform a detailed mathematical analysis of the E and B mode correlations and obtain the final result in a closed form.
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I. INTRODUCTION
In 2004 a signal of hemispherical power asymmetry [1] [2] [3] [4] [5] [6] [7] [8] [9] was found in the CMBR temperature field. This means that the power corresponding to temperature fluctuations is different in opposite hemispheres. Parametrization of this hemispherical power asymmetry can be obtained by a dipole modulation model [10] [11] [12] [13] of the following form:
where F (n) is the isotropic field,λ is the preferred direction and A is the amplitude of dipole modulation. It has been shown in the literature [12, 14] , that this kind of modulation leads to a correlation between the l and l ± 1 harmonics. Since the polarization data has been released by PLANCK, it is worthwhile to look for the similar kind of correlations in the polarization fields. This work proposes a modulation in the polarization fields Q ± iU and explores its consequences.
In this paper we shall be primarily interested in the E mode polarization which is expected to be dominant. However for completeness, we also perform the computation for the B modes. The modulation is introduced in the Q ± iU since these are directly related to the scalar E and B polarization modes. In particular the harmonic coefficients a E,lm & a B,lm can be directly expressed in terms of Q ± iU fields.
The article is structured in the following way. In Section (II) I propose a model of dipole modulation in the polarization fields Q ± iU. This model differs from [15] where the authors have proposed a modulation in the primordial perturbations and [16] where the asymmetry is explained on the basis of inhomogeneous and anisotropic primordial power spectrum. Next I evaluate the correlation between a E,lm and a ⋆ E,l ′ m ′ . This evaluation relies on several mathematical formulae and results which are systematically proved in Section (IV).
II. INTRODUCING THE MODULATION IN POLARIZATION FIELDS
LetQ (n) andŨ (n) denote the dipole modulated polarization fields and n ≡ (θ , φ ). Let us also definẽ
where α = Q + iU and β = Q − iU are the standard unmodulated fields. I assume that the preferred direction of modulationλ is the same for both Q and U. Let us take this direction to be the z axis of our coordinate system, in which caseλ · n = cos θ . Hence the modulated fields can be expressed as:α 
Using all this information integrals I i take the form:
where it has been assumed that real and imaginary parts of the modulation parameters A and B are small so that higher order terms (of the form A 1 A 2 , A 1 B 2 etc.) can be dropped and M i is defined to be the anisotropic piece of the integral I i . The isotropic part, after summing over the integrals (I i ) becomes 4C EE l δ ll ′ δ mm ′ and M i are expressed as:
In order to evaluate the above integrals, I next define:
Finding the form of the function K (l, l ′ , m) is one of the main objectives of this article. Using Theorems (1),(2) and (3), I find that the function K (l, l ′ , m):
1. Is zero, when l ′ > l + 1 and l ′ < l − 1 (Theorem (1)) 2. Is non zero, when
Combining all these cases together we find:
Now in terms of the functions
and employing the following properties:
Similar kind of analysis for B mode polarization gives:
where I've used A = B ⋆ .
IV. EVALUATION OF THE INTEGRAL
In this section I explicitly evaluate the integral I (l, m, l ′ , m ′ ) defined in Eq. (III.6) for different cases. First note that the form of the spin 2 harmonics [18] is: 
which can be easily derived by using the standard integral [19] π/2
Thus after performing all these computations, the function
Note that this equation is the same equation that was used in the previous Section III. Here
The rest of the article will be devoted to evaluating the function S (l, l ′ , m) in different cases. There are five cases to be considered:
1. When l ′ > l + 1 and l ′ < l − 1, these two cases are considered in Theorem (1) 2. When l = l ′ , considered in Theorem (2) 3. When l ′ = l ± 1, these two cases are considered in Theorem (3)
Proof. First of all note that the Eq. (IV.4) can be written as
which after a simplification of the factorial terms in two parenthesis converts to
The term in the square brackets above is a polynomial of degree l − 1, so it can be written as a 0 t l−1 + a 1 t l−2 . . . a l−1 , where a i are some constants. The sum over the variable t (keeping r fixed) becomes:
Now by the first case of Corollary (5) (to be proved later in this section) this is zero if the highest power of t i.e. l − 1 is less than l ′ − 2, i.e. when l − 1 < l ′ − 2 or when l ′ > l + 1. This proves the first part, i.e S(l, l ′ , m) = 0 when l ′ > l + 1.
To prove the other part I first use the symmetry property
This renders the function F (l, l ′ , r,t, m) in the following form:
Finally, in this case, to evaluate S (l, l ′ , m), I sum over r first. Carrying out the same reasoning which was used for l ′ > l + 1, it can be shown that when summed over r,
Hence we have shown that the correlations between modes corresponding to multipoles l and l ′ such that l ′ ≥ l + 2 or l ′ ≤ l − 2 are zero. Next I consider the case l ′ = l.
Proof. Eq. (IV.4) for the case l = l ′ can be explicitly written as:
Now the sum over t, after using
(here a i are some real constants) becomes the following:
The quantity in the square brackets above in Eq. (IV.8) is a polynomial of degree l − 2 but when it is multiplied with (2r + 2t − 2m + 4 − 2l) only two terms (t l−1 and t l−2 ) contribute. Thus the above equation gets converted into the following (rest other terms, on account of Corollary 5 are zero)
To calculate the t l−2 term, I need to know a 1 , which can be obtained by noting that if [20] 
V. CONCLUSION
In this article I've proposed a model for dipole modulation of the polarization fields, which is a direct generalization of an analogous model proposed earlier for the temperature field [10, 11] . We have also derived expressions for the two point correlations of E and B mode harmonic coefficients within the framework of this model. It is found that the model leads to a correlation between the modes corresponding l and l ′ such that l ′ = l ± 1, in direct analogy to similar correlations observed in the case of the dipole modulation model for temperature [12, 14] . We also show that modes corresponding to l ′ > l + 1 or l ′ < l − 1 remain uncorrelated. The model also leads to additional contributions to correlation between modes l ′ = l which arise due to the dipole modulation term. However these contributions cancel out after summing over m. Although models based on primordial power spectrum which lead to such correlations between l and l ± 1 multipoles exist in the literature [15, 16] , our model provides a method for a direct parametrization of the dipole modulation or hemispherical anisotropy which might be observed in the polarization field [23] .
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